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(54) Polymer-pig merit composites 

(57) Composite particles and a method of preparing 
the composite particles are provided. The composite 
particles contain titanium dioxide particles with ad- 
sorbed two-phase polymer particles. The two-phase 
polymer particles have a soft polymer phase and a hard 
polymer phase in which the weight ratio of tha hard pol- 



ymer phase to the soft polymer phase is in the range of 
10:1 to 1 :5. The composite particles containing the two- 
phase polymer particles have Improved aqueous stabil- 
ity and provide coatings with improved scrub resistance. 
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Description 



[00011 This Invention relates to polymer-pigment composite particles. In particular, this invention relates to composite 
particles containing pigment particles and polymer particles which contain two polymer phases. Further,. this Invention 
5 reiatQs to a process of preparing the composite, * • . 

[00021 Titanium dioxide Is the pigment of choice by most coatings manufacturers, particularly paint manufacturers, 
to provide whiteness and opacity or "hiding" to the final dried coating. Titanium dioxide is typically the most expensive 
raw material in a coating formulation. Thus,- paint manufacturers have long sought to achieve the desired opacity by 
using the smallest amount of titanium dioxide possible. A number of techniques have been employed, including: 

to 

(1 ) using titanium dioxide that has an optimal average particle size and particle size distribution for light scattering; 

(2) using titanium dioxide that is well dispersed. 

The opacifying capability orhiding power of a coating or paint is afunctlon of the spacing of the titanium dioxide particles 

io In the dried coating. The light scattering characteristics of titanium dioxide particles are well known and the average 
size and stee distribution of the titanium dioxide have been optimized by the titanium dioxide manufacturers for max.- 
mum scattering Maximum light scattering occurs when the titanium dioxide pigment particles have a diameter of 
20O-25Q nanometers (nm) and are spaced apart from each other, on the order of a few particle diameters, so that there 
is minimal Interference between the light scattering of neighboring particles. 

20 [Q003] In an effort to achieve the proper spacing of the pigment particles, titanium dioxide manufacturers have at- 
tempted a number of techniques, including encapsulating titanium dioxide particles with a variety of different polymers 
(either fully in the form of a coating or partially in the form of nodules) or adsorbing a variety of different materials, 
including polymers (eitherfllm forming or non-film forming), to the surface of the titanium dioxide particles. U.S. Patent 
5.3B5.9B0 discloses an aqueous dispersion of composite particles, the composite particles each Including a plurality 

25 of selected polymeric latex particles adsorbed to a titanium dioxide particle. The selected polymeric latex particles, 
which have at least one dihydrogen phosphate functional group, provide spacing between the tilanlum dioxide particles 
In films to increese the light scattering of the titanium dioxide particles. U.S. Patent 5.3SS.S60 also discloses that the 
aqueous dispersion of composite particles must include dibasic phosphate to Inhibit a continued Increase in the viscosity 
of the aqueous dispersion. However, the addition of the dibasic phosphate may adversely affectthe comoslen resistance 

30 of metal coatings containing the composite particles. Further It is desired thatthe coatings, which contain the composite 
particles, have Increased levels of scrub resistance., an Important property for coatings such as paints. 
[0004] Coatings containing composites must provide a balance of- properties Including optical properties such as 
hiding and glose. and mechanical propertiessuch as scrub resistance. The composite must have good aqueous stability 
to allow storage and formulation of the composite, and formulations prepared from the composite. There is a continuing 

3* need to Improve the scrub resistance of coatings prepared from coating formulations Including composites while main- 
taining the aqueous stability of the composite containing coating formulation. The inventors have found that composites 
containing polymer particles which are characterized as having two polymer phases, provide a combination of disper- 
sions of composite particles with aqueous stability and coatings with improved scrub resistance. 
[0005} The present Invention provides a composition having composite particles, the composite particles each in- 

to dude at least one two-phase polymer particle adsorbed to a titanium dioxide particle. The two-phase polymer particle 
- contains two polymer phases in which the difference in the glass transition temperatures of the two phases Is 1 0*C or 
greater. These two-phase polymer particles are useful for providing titanium dioxide containing composites which are 
stable as aqueous diaperslons and when dried, coatings including the titanium dioxide composites v/hich have improved 
scrub resistance. The present invention also provides a method of preparing the composite particles. 

as [0006] The first aspect of this Invention provides a composition Including at least one composite particle; wherein 
the composite particle comprises a titanium dioxide particle and two-phase polymer particles adsorbed on the surface 
of the titanium dioxide particle; wherein the composite particle Is formed in an aqueous mixture containing at least one 
titanium dioxide particle, a multiplicity of the two-phase polymer particles, and optionally, dfepersant, and the weight 
ratio of the multiplicity of the two-pha3e polymer particles to at least one titanium dioxide particle In the aqueous mixture 

so j 6 in the range of 1 :20 to 1 :2; wherein each of the two-phase polymer particles Includes a soft polymer phase with a 
glass transition temperature less than or equal to and a hard polymer phase with a glass transition temperature 

greater than 40°C; wherein the difference between the glass transition temperature of the hard polymer phase and the 
soft polymer phase Is at least 10°C; wherein the average weight ratio of the hard polymer phase to the sort polymer 
phase Is In the range of 10:1 to 1 :5; and wherein each of the two-phase polymer particles Includes at least one element 

55 selected from: at leeat one phosphorus functional monomer as a polymerized group, at least 5 weight % of at least 
one carhoxyllc acid monomer as a polymerized group, based on weight of the two-phase polymer particles, at least 
one acid macromonomer as a polymerized group, and a water soluble polymer chemically bonded to the two-phase 
polymer particles wherein the water soluble polymer has a molecular weight of at least 1500 prior to bonding to the 
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two-phase polymer particle and contains at least one moiety adsorbable to the titanium d.oxide particle: or the two- 
phase polymer partides and the titanium dioxide particle have opposite charges. n „ llsouJ . dimension of 
mm in the second aspect of this Invention, e process Is provided tor preparing a stable aqueous dkpmton^ »f 
SSLiZSZm lnc.udS.g the steps of,d te persing titanium dioxide . partldes in a ^■^^SSSSS 
a dispersion or suspension of two-phase polymer particlee In a second aqueous medium , "herato tte J^W-J^ 
ymer particles comprise: a soft polymer phase with a glass transition temperature lass ^^^S*^.™ 
hard polymer phase with a glass transition temperature B reaterthsh 40'C, where.n *m bat ^ J™*"" 
SS1» of thl hard polymer phase and the soft polymer phase is at east IO C. wherein >£^«5 
welaht ratio of the hand polymer phase to the soft polymer phase ie In the range of 1 0.1 to 1 s>, and wherein iwn> 
SCo-ohase polymer oaLles includes at least one element selected from the group coring of: at lea^ one 
^horlslunSonal monomeras a polarized group, at .east 5 weight * of at least ^^^^^ 
£ a polymerized group, based on weight of the two-phase polymer particles, at least one acid m«nm»n» r m a 
^i!manLdTrouo and a water soluble polymer chemically bonded to the two-phase polymer particles where.n the 

Tonkins at .east one moiety adsorbable to the titanium dioxide particle; or the two-phase ££n£pvtU- and the 
Snium dioxide partlcie havt opposite charges; preparing a mixture ^^* e J^ '^^^^S.'S 
aqueous medium, and optionally, dteperiant. wherein the average weight ratio of the WfO-p ^ e P»^"*P* ™Se> 
fhe titanium dioxide particles le In the range Df 1 £0 to 1 s; and permitting adsorption of the two-phase polymer particles 
to the titanium dioxlda particles to form the stable aqueous dispersion of composrte particles auuoou3 
[0008] The composition containing the composite particles may be used .0 preparing r ™"^ 
iions such as coating composition*, paints, and Inks, which show good aqueous dispersion stab.lfty, such as good 
£££ I^lty or ^nhanJed resistance to fiocculatlon during preparation and storage compare.! » ™«"^ 
cles not Including the two-phase polymer particles. These coating compos.t.ona may be dned to g.ve coatings wh ch 
I ow tSZSSEJt* s Jub but also retain the enhancement in hiding obtained ^^^^^ 
coatings in addition, one or more benefits in a variety of coatings application prcpert.es. including 8'^ h ^ Br 
Xiency. slurry compatibility, flow and leveling, color acceptance, color float, syneresls, whrteness. metal marring 

SSi te ^^n"SSt* or "Tg" as used herein, means the temperature at or abovejj^ 
polymer will Undergo segmental mctlon of the polymer chain. Glass transition terr^eratures of a po^mer can be esti- 
mated by thcsFox equa^n [Bulletin of the American Physic* Society 1 , 3 Page 123 (1 95$)] as follows: 

1 _ W1 Wg_ 

r 9 T 9(1) T gf2) 

For a copolymer, w. and w 2 refer to the weight fraction of the two comonomers. and T^ andT^, refer to the glass 
transition temperatures of me two corresponding homopolymers in degrees Kehrin. For powers 
more monomers, additional terms are added (w^). The T g of a polymer phase can also ^ oddUtaMd^ «*« 
tho appropriate values for the glass transition temperatures of homopolymers, which may be found, for example In 
'Po^er Handbook edited by J. Brandrup and E. H. Immergut. Intervenes Publishers. The values of T g reported 

herein are calculated based on the Fox equation. . h „ m ™tat,arti/>ifl 

roulll The composition of this invention contains at least one composrte part.de wherein each composrte particle 
includes a titanium dioxide particle and at least one two-phase polymer particle. The two-phase polymer particle « 
SlSSS particle and minimis aggregation of thet.tan.um dlox.de parades In aqueous trradU.m 
by preventing contact between titanium dioxide particles. Composites including the two-phasepolyrner particles have 
Improved dispersion stability and also may provide coatings with good optical properties such as hiding, opacity, or 
color and with improved scrub resistance- t * 

rooi21 A key aspect of the present Invention Is the two-phase polymer particles. These polymer particles have at 
east L polymer phases. One polymer phase Is referred to herein as the "soft pofyme. ^phase ■ ' and- » 
trsnsrtion temperature less than or equal to 40-C, The other polymer phase * referred to herein as the hart I polymer 
phee S " end has a glass transition temperature greater than 40'C. Further the two polymer phases must have a drffer- 
ence In their glass transition temperatures of at least 10-C. The ratio of the weight of the herd polymer phasa to the 
weioht of the soft polymer phase In the two-phase polymer particle is in the range of 10-.1 to 1 .6. 
55 The £o.pta£ polymer particle m?y also contain more than two phases. However, it there are two or more 
Phases wto glasslansldonLnperatures greaterthan 40-C, these two or more phases will be considered co.teclvdy 
as thfhard polymer phase. Likewise. II there are two or more phases with glass transition temperatures less than or 
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equal to 40°C these two or more phases will be considered collectively as the soft polymer phase. In a two-phase 
polymer particle with three or more phases, at least one hard phase and atleast one soft phase must have a difference 
In their Qlass transition temperatures of at least 10°C. . ^ . ^ - ^ 

ro014] Thetwo-phase polymer particles ateo have chemical groups which promote adsorption to the titanium dioxide 
s particl e to form a stable composite, or alternatively, the two-phase polymer particles have an opposrte charge trom the 
titanium dioxide particle. Triese chemical groups, or alternatively, the attraction between the opposite charges of the 
two-phase polymer particle and the titanium dioxide partlde provide the two-phase polymer part .lota iwith an affinity 
to associate with the titanium dioxide particle and to remain associated with the titanium dioxide partes. The association 
may be reversible or Irreversible end includes chemical bonding such as covaient bonding and ionic bonding, van der 
10 waals attraction, and sterlc stabilization. The compost partide formed by the association between the iwo-phase 
polymer partides and ttie titanium dioxide particle must be sufficiently strong to provide composite particles which do 
not separate into two-phase polymer particles and titanium dioxide particles when used as a component in a formulation. 
raoi5] ' Suitablemorphologiesforthetwo-phasQ polymer particle include core-shell polymers in which the soft polymer 
• phase fully encapsulates the hard polymer phase. Alternatively, thetwo-phase polymer particle may have a shell phase 
i5 which does notfully encapsulate the core phase such as an "acorn" morphology in which eftherthe hard po^rmer phase 
or the soft polymer phase may be the shell phase which partially encapsulates the other phase forming the core phase. 
TTie two-phase polymer particle may also have a 'dipole* morphology In which each phase forms separate but con- 
nected lobes or a particle containing a hard polymer phase hemisphere and a soft polymer pnase hemisphere. Tne 
two-phase polymer particle may have a morphology in which the hard phase forms multiple domains within the soft 
&> polymer phase. Another suitable morphology is a two^phase polymer particle in which one phase forms multiple do- 
mains on the surface of the other polymer phase. The two^phase polymer particle may be sphcnoal or may have a 
ndn-spherical shape such as an ellipsoid or a rod-like shape. Preferably the two-phase polymer particle Is sphencal, - 
Trie chemical group which provides adsorption to the titanium dioxide particle is preferably at or near the surface of 
the Two-phase polymer particle to provide maximum interaction with the titanium dioxide particle. The chemical group 
2s which provides adsorption may be in either the hard polymer.phase or the soft polymer phase. 

[0016] The two-phase polymer particles useful In the composition of the present Invention may be prepared from a 
wide range of potymerizebte monomers, such as, for example, monoethylenlcalry unsaturated monomers. Including <*. 
B-monoethylenically unsaturated monomers such as alkyl acryletes and methacrylates. Suitable monomers include 
styrene. butadiene, a-methyl styrene, vinyl toluene, vinyl naphthalene, ethylene, propylene, vinyl acetate, vinyl versa- 
so tate vinyl chloride, vinylfctene chloride, acrylonitrils. methacrylonltrile. (meTh)acrylamide. various C-j-C^ alkyl esters 
of <metri)acrylic acid; for example, methyl (meth) aery late, ethyl (meth)aerylate, n-butyl (meth)acrylate. Isobutyl (math) . 
acrylate 2-ethy!hexy! (meth)acrylate. cyclohexyl (meth)acrylate. n-oclyl (meth)acrylate. n-decyl (meth)acrylate. n-do- 
decyl (rneth)acrylate. tetradecyl (meth)acryiate, n-amyl (meth) acrylate. neopentyl (meth)acrylale l cyclopentyt (meth) 
acrylate. lauryl (meth) acrylate. oleyl (math) acrylate. palmltyi (meth)acrylate. and stearyl (meth) acrylate; other (meth) 
33 acrylates such as isobomyl (meth)acrylate. benzyl (meth) acrylate. phenyl (meth)acrylate, 2-bromoethyl (meth)acrylate, 
2-phenylethyl (meth)acryiate, and 1-naphthyl (meth)acrytate, alkoxyalkyl (meth)acrylate, such as ethoxyethyl (meth) 
acrylate, monos dK trialkyl esters of ethylenically unsaturated dl- and tricarboxylic acids and anhydrides, such as ethyl 
maleate dimethyl fumarate, trimethyl aconltate. and ethyl methyl rtaconate. The ethylenicaliy unsaturated monomer 
may also Include at least one multiethylenlcally unsaturated monomer effective to raise the molecular weight and 
40 crosslink the two-phase polymer particle. Example© of multiethylenlcally unsaturated monomers that may be used 
include allyl (meth)acrylate, tripropylene glycol di(meth)acrytete. diethylene glycol dl(meth)acrylate. ethylene glycol di 
(meth)acrylate. 1 ,6-hexanediol di(meth)acrylate. 1 ,3-butylene glycol di(meth) acrylate. polyalkylene grycol dl(meth)acr- 
ylate. diallyl phthaiate. trlmethylolpropane tri(meth)acryiate. dlvlnylbenzene. divlnyltoluene, trivlnylbenzcne, and dcvinyl 
naphthalene. , ^ . r _ . 

49 [0017] othertypes of pohfmerizable monomers include functional monomers which may be Included as polymenzed 
u nits In the two-phase polymer particles useful In the composites of this Invention, depending on the ultimata application 
for which the product produced by the process of the present invention Is intended. For example, small amounts of 
adhesion-promoting polymerizable monomers can also be Included. Examples of othertypes of functional monomers 
include hydroxy-functionat monomers such as, 2-hydroxyethyl (meth)acrylate, aminofunctlonal monomers, such as 
so glycldyl (meth)acrylate, (meth)acrylamlde, substituted (rneth)acrylamide such as dlacetone (meth)acrylarnide. ace- 
toacetoxyethyi (meth) aery late, acrolein, mathacrolein. dicyclopentadlenyl (meth)a<irylate l dimethyl matalsopropcnyl 
benzyl ieocyanate, Isocyanato ethyl methacrylate, N-vlnyl pyrrolklone, N.N'-dimcthylam ino (meth) acrylate, and polym- 
erizable surfactants, including, but not limited to, Trem LF-40 (Henkel Corporation). Methyl cellulose and hydroxyothyl 
cellulose may be Included in the polymerization mixture. 
35 " rprjifi] The ethylenically unsaturated monomers are chosen for the hard polymer phase and the soft polymer phase 
to provide the properties required In the intended application and to provide* a hard polymer phase with a Tg greater 
than 4Q*C and a soft polymer phase with a f g equal to or less than 40°C, wherein the difference in the Tg's of the hard 
and soft polymer phase is at least 10*0. The Tg of a polymer phase is calculated using the FoxTg equation. 
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[00191 TTie two-phase poymer particles may adsorb to the titanium dioxide particle, by attractive mandSmm. such 
S by Lv^ent bonding. bonding, attraction between opposite charge on the ^^^^^^ 
t«anium divide particle, steric forces, or van der Waals's forces. The -^f^^S^^^KS 
to the titanium dioxide particle must be strong enough to form compose particles which are ^ ^£ * ^°™" 
medium and wherein the two-phase polymer particles do not desorb from the trtanlum diox.de particle! \n the P™*™ 

5__T T^ZZTtX^es* po^mer particles inciude as chemical croupe which provide adsorption 
o the titanium dioxide particle, phosphorus corrt^ 

ooh/meroartJdes with phosphoVus containing groups may be prepared by polymenzation of a mixture of ethylenically 

dihydrogen phosphate-functional monomers- Examples of dihydrogen phosphate-funot onal nmm« > mdwto dlhy- 
oronen phosphate esters of an alcohol I n which the alcohol also contains a polymerizable vinyl or olef ,mc group, such 
?_M phSatc mono- or diphosphate of bisChydroxy-methyl) fumarate or Itaconate. denvafves of <meth>acry c 
Sldeste^^ 

£nVoxypropyl(meth)acryiatee. andthellko. Other suitable phosphorus funot.onal monomers are phosphona e lunc- 
uonaTr3m^s disclosed In WO 99/25780 A1 . and include vinyl phosphonio acid, ally! phosphonlc add 2-acrylamldo- 
5^^^n2SSn» acid, a-phosphonostyrene, anmrt^acwlamW^ 

^l.me^ando^ersaltethareor.Furthersullab.ephosphorusfunoUonal ^J"^Z^ y ^l^,^^ 
rhydrox^phosphinylalkyl (meth)acrylate monomers, dteclosed in US 4.733.005, and indude (hvdroxy)phosph,n y lme- 

piT^PreflTOd phosphorus functional monomers ere dihydrogen phosphate monomers which include: 



CH2*C(CH 3 )C0 2 CH 2 CH a OPO (PH) a 

S3 

CH 2 =C(CH 3 )CO z CH 2 CH[OPO(OH) a ]CH 3 

30 - CH2=C(CH 3 )C0 2 CH 2 CH 2 CH a OPO(OH) 2 

■ V 

and n 

35 CH 2 =C(CH 3 >C0 2 CH 2 CHOHCH 2 6PO(OH) 2 
and the corresponding acrylates 



50 



and the corresponding acryiaxee- . . . , ._ _____ ^ n h 

rpo221 The two-phase polymer particles may contain phosphorus functional monomer at evels ,n *e range d -al 
o 1 0 weight %. preferably from 0.5 to 5 weight %, and more preferably from 1 to 3 weight %. based on <* 
the twophase polymer particles, as a chemical group whloh provides adsorpfon to the trtanium dlox.de ^ole. 
[0023] Alternatively, ma two-phase polymer particles may be prepared by polymenzation and subsequenuyf^ction 
allzed to give phosphorus functional groups such as dihydrogen phosphate functional groups. For example, two-phase 
polymer particles centring amine functional may be reacted under basic conditions w* ja ~J^ U J^*" * 
both epoxy and phosphate functional groups. Similarly, two-phase polymer particles containing epoxide functionality 
may be reacted with a compound Including both phosphate and amine groups. The t»o-phase polymer parades which 
are fu nctionalfted to give phosphorus functional groups may contain levels of phosphorus funcuonal groups equ.valent 

to two-phase polymer particles prepared from phosphorus functional monomer. 

TO0241 The two-phaae polymer particles may be prepared with eitherthe phosphorus containing groups In the soft 
polymer phase orthe hard polymer phase. Preferably the phosphorus containing groups are located at or near a surface 

of the two-phase polymer particle. , 

r00251 In another embodiment, the two-phaee polymer particles include carboxylic add groups as chemical groups 
which provide adsorption to the titanium dioxide particios. The two-phase polymer particles with carboxylic acid groups 
may be prepared by polymerization of a mixture of elhylenically unsaturated monomers inducing at least 5 weight /- 
ee^oxyfc add monomers, based on the weight of the two-phase polymer partides. Examples <rf oarboxyfc aadi mon- 
omers include (meth)ecrylic acid, ttaconic add. fumaric acid, maleic acid, maleic anhydride. ethacrytlc sold cr-chloro- 
acrvlic acid cx-vlnvlacrvlfc acid, crotonlc acid, dnnamlc add. chlorocinnamic acid. pVstyrylaOtyllc acid. P-acryloxypm- 
p!onlc add and salts thereof. The carboxylic acid monomer may be included as a polymerized unit in the hard polymer 
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phase or the soft polymer phase, provided the carboxylic acid groups are located at or near a surface of tte two-phase 
polymer particle. The location of [ha carboxylic acid in the two-phase polymer particle may be determ ned by elecjon 
microscopy using heavy metal salts which complex- with the carboxylic acid, as described In M. Joanlcot. et al. Mac. 
^SSL» % 6^175 (1993) and O.L. Shaffer, et al. Proems ot TS^^STo 
Microscopy 426-427 1990. Tha two-phase polymer particles may contain from 5 to 15 weight %, preferably 6 to 1 o 
weight %, carboxylic acid monomer, based on the weight of the two-phase polymer particles, as a chemical group 
Which provides adsorption to the titanium dioxide particle. . . . 

r00261 In another embodiment, the two-phase polymer particles include acid macromonomer as a chemical group 
to provide adsorption to the titanium dioxide particles. As used herein, acid macromonomer refers to oligomer with a 
terminal unsaturetlon and includes monomers with acid groups as polymerized units. The terminal unsaturation and 
thel^ 

acid macromonomers are: 

Q Z C- A [CHJp S— [N] n [Ml^ H 

CH 2 



^ h 2 C= C [NLx[M3m H 



and 



(III) 

wherein N te the residue of an ethylenicalry unsaturated carboxylic acid monomer and has the formula: 
CH 2 CZ 




30OY 

45 whareln M Is the residue of a second ethylenicaily unsaturated monomer and has the formula 




wherein the N and M residues ara randomly arranged in the acid macromonomer; wherein m is the total number of M 
residues in the add macromonomer and Is in the range of 0 to 150; wherein n te the total number of N residues In the 
acid macromonomer and Is In the range of 2 to 300; wherein n ie greatarthan or equal to m; wherein the sum of n and 
m Is In the range of 2 to 300: wherein A is a linker group selected from the group consisting of ester, urethane, amide, 
amine and ether linkages; wherein p Is In the range of 1 to 20; wherein X Is selected from the group consisting of 
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-CDOY and R; wherein R is salaried from phenyl radicate, substituted phenyl radicals. -CONH,., ^^^^ 
-CN -CCOfV -OCOR-. -CI. and mixtures thereof, wherein R te an alkyl or alkoxyalky. radical Independently selected 
fromtte group consisting o branched, unbranched. orcyclic hydrocarbon radicals having 1 to 1 B carbon atoms; whe ete 
^ hd^&n* selected from the group consisting of H. N H+1 alkali metals and alkaline earth metals; and vrfiereln 

5 each Z is Independently selected from the group consisting of K and CH 3 . 

[00271 The add macromonomere may be polymerized from at least one ethylemcally unsaved ca 
monomer and optlona.ly at least one second ethylenlcally unsaturated monomer Suitable ethjrienlce ly unsa grated 
csrboxylic acid monomers Include acrylic acid, methacryllc acid, beta-acry.oxyprop.onb acid, ethacryllc ^acld a-chlo- 
roacryUc acid, a-vlnylacrylte acid, crotonlc acid, a-phsnylacrylic add. clnnamic add. chlofodnnamic add and £styr- 

10 ylacryiic add. Preferred ethylonically unsaturated carboxylte acid monomers are acryl.c add and methacryllc ^ 
rO02ffl The second ethylenlcally unsaturated monomer Includes styrene. vinyltoluene. a-methylstyrene. ^y'^Pb- 
haleno vinyl acetale. vinyl versatate. vinyl chloride, (meth)acrylonitrile, <meth)acrylamlde. mono- and ^substituted 
Sj^SnM various (Chalky! esters of (meth)acrylie acid; for example. methyl (methjacrylate, ethyl (me*) 

,5 (melh)acrylate; n-decyl (meth)acrylate. n-dcdecyl (meth)acrylate, tetradacyl (meth) aery late n-amy (^h)^rylaie. 
neopintyffme h)acrylate, cyclopantyl (meth)acrylate. lauryl (meth)acrylate. oley. (meth) aery late, pa mliyl (meth)acr- 
vl«rar^^T(nithW«^late- and other (methjacryietes such as taobornvl (meth)acrylate. benzyl (meth)acty ate. 
p^mS^^ (meth) a cry.ate. and 1-naphthy. (math)acry.ate; • 

alkoxyalkylXmethJaorylate such as athoxyelhyl (melh)aorylate. The add m^rornonornan. contain ss P°^£"^"»* 

no from 50 to 1 00 mote percent ethylonically unsaturated carboxy llcacld monomer, preferably from 70 to 1 00 mole percent, 
end most preferably from 90 to 10O mole percent of these monomers. 

[0029) The acid macromonomers may be prepared by various conventional synthetic methods Including anion* 
polymerization aa disclosed in U.S. Patent 4,1 58.736. radical polymerization with chain transfer a 9 ems such aa > cobaU 
complexes as described in U.S. Patent 5424,879, catalytic chain transfer polymeniatlon with leimlnaiy unsaturated 

*s acid macromonomera used aa chain transfer agents as described In U.S. Patent 5.362,826, and high temperature 
radical polymerization as described in U.S. Patent 5.710,227. The terminally unsaturated acid macromonomors erf 
f ommla I may bo prepared by conventional radical polymerization using a hydroxy-Iunctionel chain transfer agent such 
as 2-men=aptoethano1 followed by the reaction of the hydroxyl group with an elhylanically unsaturated monomer with 
a complimentary reactive group to attach the terminal unsaturate. Examples of ethylenical y unsat^rot^ononn^ 

30 wih a compliments reactive group Include glycldyl (meth)acrylate. teocyanatoeihyl (meth)acrylate. or (me*)acryOc 
acid. The ethylenlcally unsaturated monomers with a commentary reactive group may be attached to the fragment 
of the hydroxy-ftjnctlonal chain transfer agent by various linkages including ether, "'ethane, emlde. amine, or eater 
linkages. The add macromonomers of formulas I. II. and III may be prepared by bulk, solulioh. and emuls.on polym- 
erization using batch, aemlcontmuoue. or continuous processes. 

35 [00301 Anothermethod to prepare the acid macromonomers is polymerizabcn of esters of efcyledcally unaatu ated 
carboxylte add monomers such as ethyl aorylat©. butyl acrylate, or methyl methaoylate followed by the partial or 
complete hydrolysis of the estergroupe to obtain the earboxylle add funotlonaiibea. 

[00311 The two-phase polymer particles with acid maeromonomer may be prepared by polymerization of a mixture 
of ethytenlcally unsaturated mdnomers Including acid maeromonomer. The acid maeromonomer ipay be included aa 
40 a polymerized unit in the***™ polymer phase or the soft polymer phase, provide that the pelymenzed ac.d monomer 
is looated-at or near theaurface of the two-phase polymer particle. The two-phaee polymer particles may contain from 
0.1 to 1 0 weight %, preferably from O.Sto 5 weight %, and (bore preferably from 1 to 3 weight % add maeromonomer 
based on the weight of the two-phase polymer particles, as a chemical group which provides adsorption to the titanium 

4* m<S Tn^nother ambodlment. the two-phase polymer particles Indude a water-soluble polymer to provide adsorp- 
tion to the titanium dioxide panteles. the water-soluble compound containing moieties which are edsorbableto the 
titanium dioxide particles. As disclosed In U3-A-5.412.019, the wate-soluble compound may be bonded to the two- 
phaee polymer particles during the polymerization of thetwo-phaae poymer particles, or the water-soluble compound 
may be bonded to the two-phase polymer particles arter polymerization, for example by co-reactive moieties between 

so the two-phase polymer particle and the water-eoluble compound. • 

[0033] Suitable water-soluble compounds include polymers with a weight average molecular weight over 1 500 such 
aa polymers and copolymers containing as polymerized unite, (meth)acrylamlde, (mcth)acryllc add, hydroxyalkyl 
(meth)acrylateB. amlnoalkyl (math)acrylates, Vinyl pyridine, vinyl pynolldone, vinyl and styrene euphonic acid. Other 
water-soluble compounds include polymer chains of polyethylene Imlne). poly(ethyoxylate), polytylnyl alcohol), cellu- 

55 lose ethers such as hydroxyalkyl celluloses (Including hydrophoblcally modified variants), alkylhydroxyalkyleelluloses, 
oarboxyalkyl celluloses, and carboxyalkylhydroxy-alkyl eelluloees. Further water-soluble compounds indude polymers 
such as polyester* and potyurethanes or starch derivstivea such as acetates, hydroxyalkyl and acroxyaikyl staiches 
or Ionic starch derivatives such as phosphate, sulphate, and amlnoalkyl. or polysaccharides such as xanthan. guar- 
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2 chosen to obtain particles wrth the desired sign of eurfeea charge. ,,^2^5^ 
polymer partlde dispersion and the titanium dioxide particle dispemlon are similar to simplify the "iMngstepof the 
£^S!ni. Amatively, » the two dispersions have different pH velues, may be added during the 

rrttvina sieo to adlust the pH and prevent change In the surface charges of the particles. 
» -SS ^S^S^nar P-tlcta. u~&l in the composite M, < MM, may '^^^S^ 
which provides coporymerizaflon of ethylenfcally unsaturated ^ ano ^^ a ^^° P^'^^f^^Z 
stage emulsion polarization. Suitable processes Include suspension or emulsion polymeria Jn« or ex- 
ample the procL disclosed In US-A-5.356,968 and US-A-5,264,530. Tne two-phase poorer particles useful In the 
™££ S ~ invent may have monomer compositions, panicle sizes and partW. a £j^ b £~ ^ 
*a related to polymeric latex binders prepared by standard emulsion pelymenratlon techroques known « the art In ad 
dUton, the potymer particlee useful In the compoette of the invention may have an ummodal or a multimodal Indud.ng 

jSi° da ™n SmStionUn, qU e3 for preparing an aqueous dispersion of the two-phase poiymen partes 
Khy^S unacted rt^ 

25 for preparing two-phase polymer particles such aa multiple stage polymerization proves 'ncl^ngl WO aage po 
U^«£,tion processes. In a two stage polymerization process, a first monomer mrxture may be peered ^ntein^g 
S.anl ca .V unsaturated monomers and added to . ha polymerization vessel, f er * e c ^ e ' e ^ " haTe mav^ 
enzatlon of the first monomer mlxture-to prapara particles of the first potymerphaee ^ n ^T2Z^ a tl7Z^ 
prepared by preparing a second monomermlxture containing athylenlcaHy unsaturated monomers, rttflngfte eecon^ 

so m^omermlxture totha polymerization veasal containing tha particles of the first polymer phasa. and P°^dng to 
plepa^poVmer particles which have a soft polymer phase and a hard polymer phasa. In the two stage po^featJon 
on^aes the flrat polymer phasa may be the soft polymer phase and the second polymer phasa may be the haid 
eoCLr 'phLe AltoXti Jy, the flnrt pplymar phase may be the hard polymer phase and tha second pofymar phase 

ss presses wherein the firet polymerase is prepared in afirst polymenzafn precesa anc I at - a subs *^J™;£f 
second polymar phase is prepared by a second polymerization process In the presence of the ^P^V™ j« hB *»- 
AtornatLhMha first and second polymerization processes may be sequential stapa in separate reaction vassals. The 
^crWiclea may be prepared using a seed polymar emulsion to control tha number of particles produced by tha 
eSon P p^ f-t Phase polymer.^ Is known in tha art The pardcla size of the po = parte aa 

40 m ay be controlled by adjusting the initial surfactant charge as is known in the art. The preparation of P°Vmertc latex 
Srners such as t.4 two phaW polymer particles le discussed genaraliy in D.C. Blackley. Emulsion p °V™^a °n 
fWUev New York. 1 975) The preparation of acrylic latex polymers ^described in, forexample. Emuls.on Polymerization 
SSSSS Bui* RoEm and Haas Company! Ph.fcddphia. Preferably, the two-phaee P^P^*« re 
prepared by a poiyrn arlzatlon process In an aqueous medium. Preferably, the aqueous P<Hyfne«aflon< of I 

4S porymerpartlcke containing as polymerized units. ethyianlcaUy unsaturated monomers Including P hM P*°™ e ™"' ft "; 
P mon0malSi carboxyllo aeid monomera. or acid macremonomer la conducted at a pH below 5. more preferably at a 
pH below 4, and most preferably In a pH range of 2 to 4. o 
H)Q3B1 A polymerization mttiator may be used In carrying out the polymerization of tha two-phaes .polymer particles. 
Examples of polymerization Initiators which may be employed Include polyrr^rtzadon initiators which 

30 pose at *e polymerization temperature to generate free radicals. Examples Include both water-so uble and water- 
inselubte species. Examples of free radical-generating Initiators whloh maybe used fl^lude ^ ^!r Q n^.T>" 
monlum or alkali metal (potassium, sodium, or lithium) perfusate; azo compounds euchj* 2,2 ^^^h^oS" 
2 2--azoblef2.4_drr.ethy1valemnitrila). and 1-t-butyl azocyanocyclohexane; hydmperoxldee auch as t-butyl W™P°'- 
oxide and eumene hydroperoxide; peroxides sueh as benzoyl peroxide, capryly' peroxide, dl-t-butyl peroxide, ethyl 

55 3 3--di-(t-butylperoxy) butyrate. ethyl 3.3'-dl(t-amulperoxy)butyrate. t-amylperoxy-2-ethyl hexaneata. and *"''^'P e ^ x y 
pivllate; perestere such ast-butyl perecetate, tHsutyl perprrthalate. and t-butyt perbemoate; as wall as peroarbonataa. 

auch as di(1-cyano-1 -methyl athyl)pemxy dlcarbonate; and perphoaphates. 

100391 Polymerization Initiators may be used alone or as the oxidizing component of a redox syatcm, which also 
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Indudes a reducing component such as ascorbic acid, malic add. glycollc acid, oxalic acid, lactic add • 'hioQrycolto 
^SS^mSSSL suKlte. more specifically a hydrosulflte. hyposutflte. or metabolite, such as eod.um hydrosulflte. 
potassium hypoaulfile. and potassium metabisulflte, or sodium formaldehyde suKoxylate^ 

r00401 the Initiator and the optional reducing component may be used in proportions from 0.001 % to 5 A each, based 
a ontteVelghV^ 

as chloride and sulfate salts of cobalt, iron, nickel, or coppar may be used in small amounts. Examples of redox catalyst 
Include l-bury. hydroperoxide/eodium formaldehyde eulfoxy.ate/Fetll). and ammonium P™^.^^. 
Safeodium hydrosulflte/Fe<ll). The polymerization temperature may ba from room temperature to about 90 C, and 
may be optimized for the catalyst system employed, as fe conventional rit ™„,d Ex- 

10 [0041] Chain transfer agents may be used to control polymer molecular weight of a polymer phase, W desired Ex 

Xfer ageMs which maVbe used include alky, meroaptans suoh as amy mercaptan, n ^^^^^T 
mercaptan. Isobutyl marcaptan. t-amyl marcaptan. n-hexy. meroaptan. cyclohexyl mercaptan n-cctyl "^W^ V 
roylC^ptan^-dodecyl marcaptan: alcohols such as Isopropanol. Isobutanol. lauryl atcohoUand t-oo* iricotah 
« hS^stedcompoundsTuch as carbon tetrachloride, tetrachloroethylene, and tnchloroi^oema^.GoneralryWom 
0 to 10% bV weight, baaed on the weight of the athylenica.y unsaturated monoman im **^™J?™™"*°** 
oreoara thTpolymer phase, may be used. The polymer molecular weigh t may be controlled by othe techniques Known 
^thHrt such'as selecting the" ratio of the Inh.ator to ethy.enically unsaturated monomer. In the two P^P^ 
partidas of this invention, each polymer phase may have similar molecular weights or may have different molecular 

IHST" Catalyst and/or chain transfer agent may be dissolved or dispersed In separate orthe same fluid medJum and 
gradually added to me polymerization vessel. Ethylenically unsaturated monomer, either neat ordissolved or d spersed 
fn a fluid medium, may Wadded simultaneously with the catalyst and/or the chain transfer agent. Amounts of inUiato 
or catalyst may be added to the polymerization mixture to "chase" residual monomer after polymerization of the first 
2s polymer phase or the second pofymer phase has bean substantially completed to polymerize the residual' monomer 

mo'LT^'/SgSffllo^ of th^S^e^lymer particles is typically discouraged by including a stabilizing surfactant 
n the poZenzation mixture In the polymerization vesse.. In general, the growing polymer. partid^ra stabbed 
during emulsion polymerization by one or more surfactants such as an anionic or nonionic surfactant, or a mixture 
i: so thereof, as Ismail known In the polymerization art. Many examples of surfactants suitable for emulsion polymer^on 
•« ■ L rf™- >- ^.^N^ omenta and Emulsifiers (MC Pub.ishing Co.. Glen Rock. NJ) ^ b ^ e f^" U ^ un ^ d r 

types of sta bbing agents s uch as protective colloids, may also be used. However, it Is preferred that the f" D " nt ^ 
?£e of stacking surfactant or othertype of stabilizing agent employed during the polymerization reaction ,be ejected 
sVthat residual stabi.izing agent in the aqueous product of the polymerization reaction does ncCaUnNtoenfly r .nt^fere 
with the properties of coatings containing the composite of this invention which includes the t^o-phase poVmer pani- 
cles Further, charged initiator fragments and copdymerized monomer bearing charged functional groups nuchas 
copolymerlzed acid-functional monomer are known to contribute to the stability of the resulting two-r*ase polymer 
partidas It is Important to note that stabilizing surfactants, copolyrnerized strongly acidic monomers residual Inibator 
SSs^dSe liko. may also Interfere with the aqueous stability of the composites of this '?™^^hu» «Jo2S 
40 poVmerizatlon condition to provide a desired level of residual Inltlatorf ragments and surface ac.d may be very important 
in orovidlna two-phase polymer particles for use In the process of the present Invention. 

00441 The two-phase polymer partides useful in the composite parttde of this Invention have a weight average 
molecular weight. Mw, of at least 60.000. preferably of at least 250.000, and most preferably of at least 750.00. as 

measured by gel permeation chromatography. 

45 [0045] The two-phase polymerpertlcles may ba prepared as an aqueous dispersion orsuspenslon wltii , asotids level 
to 70 weight %. The solids level or the two-phase polymer particles prepared by aqueous emulsion polarization Is 
typically In the range of 20 to 70 weight %. preferably in the range of 35 to 60 weight %. Generally, the two-phase 
polymer panldes are prepared at the highest possible solids level to maximize the reactor output without undue gel 
formation either during or after polymerization, and provided the viscosity ol the aqueous dispersion or suspension .a 
so low enough to permit pumping and mixing of the aqueous dispersion or suspension. . 

[0046] Composite particles may be prepared with two-phase polymer particlee having average dlametere in the range 
of 20 to 10O0 nm. However, for composite particles containing titanium dioxide pigment or other pigments of similar 
size, maximum hiding oovusr is typically obtained with two-phase polymer particles having averag^iaryietetslri the 
range of 40 to 1 50 nm. preferably in the range ol so to 1 25 nm. and more preferably in the range of 60 to 1 oo nm. The 
ss diameter of the two-phase pofymer particles Is measured by aquasielastlc light scattering technique, such as provided, 
for example, by the Model BI-90 Partlde Sizer. of Brookhaven Instruments Corp. 

TO0471 Composite particlea may be prepared with the two-phase polymer particles adsorbed to pigment particles 
such as Zinc oxide pigments, antimony oxide pigments, barium pigments, calcium pigments, zirconium pigments, chro- 
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Preferably, the pigment parties are titanium dioxide and mare preferably, the Pigment, particles are rutile titanium 

dlTjrde Tne Dlament particles may be unseated or coated with a conventional pigment coating. 

SST Tten iumSde Sd« ^are available commercially both In the form of aqueous slurries and as dry pigment 

EEL depending on the Intended appLcation. ^^^SS^SSr 

available slurries! such as sodium or ammonium polyeleotrolyte dlspersante. may inhibit a usorpoon of the polymer 

SS- ^n Sim dioxide partic.ee. ae may certain surface treatments Consequently . the >^ 

of adsorption depends on both the grade and physical form of the titanium dlox.de and the identrty of the two-phase 

5SST An" S^uS&on Including the composite particles of this invention may be Pr^XTeSSS! 
?!it aqueoul medium containing a dispersion of titanium dioxide particles, a second aqueous ™*'u m *^' n f» 
me toiohase oo^ymer^mticles. and optionally dlsparsant. Next, the two-phase polymer particles are altowed suffldent 
V£Zm%X£^<^ particles" toform the composite partto.es of this ^^?2SKnS5l 
^etesToolvmer particles to the titanium dioxide particles is believed to be spontaneous and will continue until the 
So.JnaseSo^S!esa% complex 

the titanium dioxide particles are completely covered with two-phase polymer particles, or until an equlHbnum te 
sCh^eTbe^ 

Aqueous medium: The time required forthe complet.on of adsorption may depend upon the t« P x ^*P* ** 
euVfacetieatment of the titanium diox.de particle, disperses type and concentration, the ^^f^^V^J^- 
d.oxide partlc.es and the two-phase polymer particles, and temperature. The adsorption may be. =^Pf ° "P on £ 
mbdng of the first aqueous medium and the second aqueous medium, or may require further time. For ^nposltes 
oreSed w^th titanium dioxide pertle.es ae the pigment particles, adsorption of the two^hase polymer parties typically 
«u^ 1 12 hou^cemplete Sorption. Mixing the aqueous medium contaln.ng the titanium diox.de parfc.es and 
metTphase^^^ 

mavbe oreeent in the aqueous medium during the formation of the composite particle prodded these components do 
*£S5yTnSblt oreubstantially interferathe adsorption of me two^hase polymer particle to thati^.umd.oxlde 

surfaSnte; biocldos; other copolymers; and other pigments. .Preferably the composite particle of this invention Is 

f6rmed In an aqueous medium In the absence of other copolymers and other pigments. 

S£m In thepreparatjon of the composite particles of this invention, the first aqueous med.um.jhesecond aquecua 
medium, and optionally the dispersant may be admixed by either adding the first aqueous medium ,10 
Muaous medium or adding the second aqueous medium to the first aqueous med.um. The optional dispersant may 
te add^ to thTf.^ aqueous medium, the second aqueous medium. Of to the mixture of the first aqueous medium 
SdTel^ndaqueous medium. Mbdng may be provided to ensure ^^^^^Xo^ 
polymer particles are distributed uniformly in the combined aqueous medium, ft Is preferred that the flrstaqueous 
meSmc P o«gthe«aniumto 

the two-phase polymer particles, rather than visa versa, so that stations in which there Is a temporary excess of 

ing flocoulatlon of the two-phase polymer particles by the excess of titanium dioxide parties mi ^£ L, ora 

00511 An aqueous disperelen including the composite particles of thia invention may also be prepared by first pre- 
panng a dTspe^n of two-phase polymer panicles In an aqueous medium. Next, the titanium dtox.de Partlc.es are 
dispersed in the aqueous med.um containing the two-phase polymer particles and optional* dlspersant and *e two- 
phase polymer particles are allowed to adsorb onto the titanium dioxide particles to form the composite particles. 
[0062] The preparation of the composite particle of this Invention includes an; optional ^persarrt-^ 
may be added at levels which do not Inhibit or prevent the adsorption of the two-phase pelymerparttele totteWamum 
dioxide particle. The composite particle may be prepared with levels of dispersant In the range of 0 to 2 weight A 
I e?embV^ 

ta one enlbod^ent the first aqueous medium Is prepared with dlspereentto aid in the dispersion - sndetabtea tier .of 
the titanium dioxide partiolee. In another embodiment, the composition containing the composite particle of this inven- 
1 does not contain dispersant. Suitable dlepersante include anionic polyele^oryt* a-ispersar^uch as ^ 
Izad msteic add. copolymers including copolymerlzad acrylic aeid, copolymers including copolymertzed memacryllc 
acid and the like: or carboxylic acids containing molecules such as tartaric acid, succinic acid, or ertne acid^ 
t0053] The practice of the process of the present invention may depend on the specific grade of titanium d.exlde 
Uployed. The present process may be employed to yield improvad coating properties with respect to a sp^mc grade 
rfLL dioxide may be readily determined empirically. Electron microscopy may be employed to observe the com- 
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posite particle of this invention formed by admixing the first aqueous medium, the second aqueous medium and op. 
tionally. cfcpersant. Composite particle formation may also be characterized gravimetrlcally as described in US 

[0054] in addition to the composite particles, other components- may be added to the composition of this M . 
s depending upon the application of the composition. For example, a second polymer may be Included as a binder In a . 
composition suitable as a coating formulation for coating substrates. As used herein a second polymer refer^tc , pj 
ymers which are film forming at application conditions. Suitable second polymers include f P°^ 
mum film formation temperatures at or below the application temperature. Other suitable second polymers notude 
pof^r P Ses with minimum film formation temperatures above the application. temperature which may alsc nndude 
10 -coalescents or plasticlzers to provide the polymer particles with effective minimum film formation temperatures at or 
below the application temperature. Other suitable second polymers Include water soluble polymers such 
copolymers. Compositions including the composite particle or this Invention which are suitable as coating compositions 
may contain from 0 to 30 weight % second polymer, based on the weight of the composition solids, 
[0055] In addition, the composition containing the composite particles of this Invention may also include other optional 
75 components, Including without limitation, other polymers, surfactants, extenders, pigments, and dyes pearlescents, 
adhesion promoters, crossiinkers. dispersants. defoarners. leveling agents, optical brighteners, UV stebllteers, coales- 
cents, rheology modifiers, preservatives, blocldes, and antioxidants. Further, the «mp™Mon oonta ^ n,n 9^ecomposl e 
particles may also Include other pigments, including plastic pigments such as solid bead pigments and microsphere 
pigments containing voids or vesicles, and inorganic pigments. Examples of solid bead pigments include polystyrene 
and polyvinyl chloride beads. Examples of microsphere pigments, which Include polymer V*^™ 1 ^^*™* " 
more voids and veslculated polymer particles, are disclosed In U.S. 4,427,833; U.S. 4 920 1 60; U.S. 4.594,363; U.S. 

4 4€9 825- U.S. 4.46B.498; U.S. .4.880,642; U.S. 4,985,064; U.S. 5,157,084; U.S. 5,041 ,464; U.S. 5.036,109.; U.S. 

5 409 776- and U.S. 5.510.422. The levels of composite particles and plastic pigments In the composition may be 
varied to optimize a particular property in the dried coating, sueh as hiding, whiteness, gloss, or any combination of 

23 [0056^^^ PH of the composition including the composite particle of this invention may be In the range of 3 to 10. 
Compositions having composites containing two-phase polymerpart icles which include phosphorus containing groups, 
caBboxylic ecld groups, or add macromonomer as the chemical groups which provide adsorption to the titanium dioxide 
particle, preferably have pH values In the range of 7 to 1 0. 

so [0057] The Improved aqueous stability of the composition containing the composite particle and the improved scrub, 
resistance of a coating prepared from this composition provide greater flexibility in preparing aqueous compositions 
coBtainingthecomposite particle of this invention. For example. In some cases the use ofthe present process provides 
a means for reducing the amount oftttanlum dioxide pigment required to provide the target opacity. When thecomposlte 
particles are used In coating formu I ations . the present method may provide improved coating properties, such as opacity 

55 or hiding heat age resistance of hiding, whiteness, tint strength, mechanical properties, and gloss relative to systems 
that do not contain the composite particles of this invention. The method also provides coating formulations giving 
coatings with improved opacity for a given titanium dioxide pigment level. 

[0058] The composite particles of this invention are particularly useful for improving the performance properties of 
coatings and paints formed therefrom. Alternatively, the invention offers the ability to formulate coatings and Alms of 

40 substantially equal performance properties as conventional systems but with lower concentrations of expensive tlta- 
- nlum dioxide pigment, and accordingly at lower cost. TTie present invention further contemplates preparing fully for- 
mulated aqueous compositions. Including aqueous coating compositions, using the composite particles, and the sub, 
sequent use ofthe fully formulated aqueous coatln g formulation to form products, Including coatings and coated articles. 
[0059] Forthe preparation or composite particles containing two-phase polymer particles which include phosphorus 

45 functional monomer, carboxyllc acid monomer, or acid macromonomer as a chemical group Which provides adsorption 
to the titanium dioxide particle, It Is preferred that the titanium dioxide slurry Is prepared with low levels or. more pref- 
erably, wUhoutphosphate containing dispersants and surfactants, as these dispersants and surfactants may be difficult 
to displace from the surface of the titanium dioxide to permit adsorption of the two-phase polymer particle. 
[0060] The two-phase polymer particles of this Invention are preferably selected to provide strong adsorption to the 

so titanium dioxide particles. 

[0061] The process ofthe present Invention is believed to be dependent to some extent on tho relative concentrations 
and particle sizes of the two-phase polymer particles and the titanium dioxide particles with more two-phase polymer 
particles being required at a higher concentration of titanium dioxide for optimum performance. Preferably, the two- 
phase polymer particles are employed at sufficient levels to obtain optimum performance properties in formulation 

ss prepared for particular applications. b 

[00621 The concentration of pigment particles including extenders which may be present in the coating formulation 
is expressed in terms ofthe pigment volume concentration of the formulation. The pigment volume concentration 
(hereinafter referred to as the "PVC") of a formulation Is defined as the volume amount of Inorganic particles, including 
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titanium dioxide and other plgm G nt particles as well as extender particle, present In the formulation^ divided by the 
sum of thevolume amount of such inorganic particles plus polymer particle solids In the.fomiulat l0 n ^jxpr.ssed 
herein as a percentage. The composite particles may Improve the opacity or hiding of a coating formulated ever any 
PVC range. Preferably, tha PVC of coating formulations including the composite particle of the present invention is 

5 from 5% to B5%, and more preferably from 1 0% to 60%. 

[00631 The composition containing the composite particles of the present Invention are preferably usGd In or as 
architectural coatings such as interior and exterior house paints. Including masonry paints, wood coatings and treat- 
ments; floor polishes: maintenance coatings such as metal coatings; paper coatings: and traffic pamte such as those 
paints used to mark roads, pavements, and runways. . . 4t . , IwlMiVwlrt - 

10 [0064] The composition containing the composite par* cles of the present invention may also be useful for Improving 

SisJ 1 " T?e 3 llSS^e example© which follow illustrate the composition and the process of the present invention. 
These examples will aid tho 5 e skilled in the art in understanding the present invention; however, the present Invention 
i3 in no way limited thereby. 
is [00GB] The following test methods were employed to evaluate the example compositions: 

composite Stability: Composite stability was evaluated oy preparing aqueous dispersions of the composites and 
alfowing the aqueous dispersion to sit for 24 hours. After 24 hours, stable aqueous composite dispersions remained 
fluid and pourable, and maintained a single phase. Unstable aqueous composite dispersions became highly vls^ 

so cous or formed nonfluid pastes. 

DertaTlnt Strength Test: Tint strength Is a measure of light scattering within the coaling, in particular, light scattering 
by the titanium dioxide particles in the coating. Increased light scattering Is observed for coatings containing com- 
posite particles which include titanium dioxide particles as the titanium dioxide particles are spaced apart from 
each other Coating containing composite particles had increase tint strength, characterized by delta tint strength, 

25 compared to control coating which did not contain composite particles. Delta tint strength was measured by first 

preparing a sample by applying a .08 mm (3 mil) thick wot film of the coating formulation onto an opacity enart 
(Chart 5C, The Leneta Company). The coated samples was allowed to dry at 21 *C and 20% relative humidity for 
24 hours. The Y reflectances of the coated samples were measured at a 45W reflection setting with a Pacific 
Scientific Colorguard (Pacific Scientific). The delta tjnt strength was calculated by; 



30 



55 



delta lint strength =Y r Y„ 



where is the Y reflectance for the coated sample Including composite particles and Y 0 is the Y reflectance for 
as the control cbated sample which did not include composite particles. A detta tint strength value greater than zero 

Indicates improved light scattering compared to the control coating which did not contain composite particles. A 
difference of 0.1 unit or greater was regarded as significant. 

Scrub Resistance Test: Coated scrub test panels were prepared by applying films of the coating f ormulaflon with 
aO 16 mm (7 mil) gap drawdown bar on scrub test panels (#P1 21 -1 ON from The Leneta Company). Control coated 

40 scrub test panels were aleo prepared using a control coating formulation which did not contain composite particles. 

The coated scrub test panels were dried at 21 °C and 50% relative humidity for 7 days. The scrub resistance test 
was performed using an Abrasion Tester from Gardner Laboratory, according to the following procedure; The 
coated scrub test panel was placed on a scrub plata with two 6.35 cm brass shims placed 11 .4 cm from each other 
On a scrub brush was placed 10 ml of Standardized serub Medium (The Leneta Company, item # SC-2). The 

45 scrub bush was then placed on the coated scrub test panel and 5 ml of water was placed on the coating along the 

line that the scrub brush will travel during the scrub resistance test. The scrub resistance was evaluated by meas- 
uring the number of scrubs required to breakthrough the coating (FB) and the number of scrubs required to remove 
a Una completely across each shim (CL). Two coated scruta test panels were tested for each coatlrig formulation. 
The scrub ratio (SH) was calculated by: 

BO 

SR « (FB 1r /FB° lr + FB^FB 0 * - FB^/FB 0 ^ + FBa/FB 0 * + CL 1r /CL° 1r + 
CIVCL 0 ^ + CUj/CL 0 ^ + CL^/CL° a y8 



where the subscripts "r" and T refer to the right and left shims, respectively, the subscripts "1" and "2" referto the 
two coated scrub test panels with each coating, and the superscript -0" refers to the control coated scrub test panel 
which did not contain composite particles. A scrub ratio greater than unity indicated that the coating had increased 
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scrub resistance compared to the control coating which did not conleln composite particles. A difference of 0.06 
unit or greater was regarded a3 significant 

[0067] The following abbreviations are used in the examples: ' 

5 

AA acrylic add 
D.I. water deionlzed water 

SLS sodium lauryl sulfate (28% solids) • 

BA butyl acrylate 

10 MMA methylmethacylate 

IvTAA methacrylic acid 

P£M phosphoethyl methacrylate (85% active) 

ST styrene 

ALMA altyl methacrylate 

13 Surfactant Ethcxyiated C e to C 18 alkyl ethyl sulfate having from 1 to 

40 ethylene oxide groups per molecule (30% active In water) 

[0068] The two-phase polymarpartlcle^ 

were prepared by polymerization iri a 5 liter, four necked round botlom flask which was equipped with a paddle efcrrrer. 
20 thermometer, nitrogen inlet, and a reflux condenser 

Example 1 - Preparation of Two-Phase Polymer Particles fav Two S tage Polymerization 

[0069] The two-phace polymer particles of this invention having a soft polymer phase and a hard" polymer phase 
23 w ore prepared by a two stage polymerization using the following procedure: An initial amount D J. water was added to 
the flask and heated to SO«C under a nitrogen atmosphere. Next, a solution containing 1 0.0 g surfactant jn 1 0.0 D.I. 
water was added to the flask, followed by the addition of an initiator solution containing 4.6 g sodium persurfate in 50.0 
g OA. water. Immediately after the addition of the initiator solution, a first monomer emulsion, ME I, was feed Into the 
flask at a rate of approximately 12.0 g/min while maintaining the temperature of the reaction mixture at 80*C. After 
30 completion of the first monomer emulsion feed, the contents of the flask, were maintained at flO'C for 1 0 minutes Next 
a second monomer emulsion, ME II. was added to the flask at a rate of approximately 14-0 g/min. After the completion 
of the second monomer emulsion feed, the resulting dispersion was maintained at B0*C for 15 minutes and then flowed 
to cool to 15-C. Next, aqueous ammonia (28%) was added to raise the pH to 8.0 to 10.0. The contents of the flask 
were Uttered to remove any coagulum. 

35 



40 



$0 



55 



13 

PAGE 43/86 * RCVD AT 12114/2005 4:50:49 PM [Eastern Standard Time] ' SVR:USPTO-EFXRF-6/27 * DNIS:2738300 ' CSID:612 331 7401 * DURATION (mm-ss):22-56 



12/14/2005 16:05 FAX 612 331 7401 IPLM GROUP, P. A. E)044 



EP 1 209 191 A2 



10 



15 



30 



35 



4V 



"3 

.o> 



1 

I 

CD 

I 

g 



I 

D 

CD 

w 



g 

CD 

a 

M 

m 

I 

a 



.2" 

a 

H 

§ 

o 



1 e 



s § 



•s 



CO 

an 



i 



O 

o 
o 



bo 
o 

§ | 



1 



o 

CO 



tNI 



CO 



« b -i 
I i ^ 



75 ^ 



3 1 



5 -i 



S 



o 

-a 

s 
ts" 



I 

3 

m 

I 
E 

—4 
P 

8 



1 



=> 

CJJ 

1 

3 



o 
o 



o -g 



*3 



9 



o 



CD 



1 



O 



5 eg 

C5 « 



P 
bo 



o 

t- >1 



OP 



2S 



3 



83 

bo 



-t3 



CD 



to 
m 

BO 

| 

3 



o 



PAGE 44/86 * RCVD AT 12114/2005 4:50:49 PM [Eastern Standard Time] " SVR:USPTO-EFXRF-6/27 ' DNIS:2738300 * CSID:61 2 331 7401 1 DURATION (mm-ss):22-56 



12/14/2005 16:04 FAX 612 331 7401 



IPLM GRO UP , P,A 



©045 



EP 1 209 191 A2 



5 



10 



15 



30 



35 



40 



bD 

CQ 
CO 
CM 

T3 
e 


i 

ha 

if 

DA 
G± 

a 
•— » 

u 

1 
3 

bo 

ej CM 
^ bp 
, * *-i 

P 3 
tin ^ 

O PI 


bp 

3 
<: 

CO 
bo 

ea 
id 

— : 

J 

=1 
1 

in 

O 

-<* 

2 w 
>— I to 

1 i 


bo 
to 

o 
1 

GO 

5 

cn Pl, 
lT bfi 

^ I 

£ s 


4 

£ 

bo 
O 

1 

bo 

§ 

g 

99 
bo 

S 

§ <■ 

► s 

i— ! ba 

a o 

bp od 

<M 00 


ba 

S 

ba 
S 
e 

1 

bD 

u=> < 
CNI < 

i s 

(=i a 

bP < 

^ s 


) 


bs 

o 

o 

e» 

OQ 

1 

CD 

t=3 <: 

Tf < 
OB 

1 « 

5 » 

bs < 
lO 5 
to C 

CM S 


o 
> 
i 
1 
1 
) 


i 

bo 

00 

i— t 

5 

bp 
o 

g 

PI 

1 

O 

s § 

CO 

bp ^ 
— • o 


1 

be 
CO 
r-H 
V- 

s ■ 

O 

g 

c» 

n 
1 

M 

. ba 
^ C*J 

Q co 

bp OOj 

s •§ 


s 

UP 

CO 
r-i 

CtD 

CP 1, 

o 

o 

CM 

1. 

u 
bo 

S 

a) ^ 

1 s 

. ba 

bfl CM 

<=» 'H 

O Pi 

13} 




CJ 
IQ 
"O 

El 

cd 

M 

O 
u3 

I 

1 

be 

i—i 

m 

_S 

E 
> — i 

CM ft* 


id 

CO 
bo 

LO 
t~ 

© 

ha 
CO 
CM 

CO 

1 , 

I— « ^2 
BO •*=• 


bp 
PJ 

§5 

ba 
lO 

if 

ni 

"5 

1 

oa 

to 

o 

S 

*=i 


bv 

CO 

»— J 

Si 

M g 

o S 

co bo 
bO bo 

B 3 

QO 

° i 


1 1 
1 < 

m *^ 

ri * 

w < 
c> t 
id G 


i 

j 

I 

« 

J 

0 
1 
> 


bo 
CD 

bD A« 

CO 

e4 ^ 

kO CO 

11 
1i 

bD 

is g 

re <!d 

e= » 

i> CO 

a 

bo 


bp 
O 
SO 
•M 

< 

PQ 

bo 

C» 

o 

CO 
Bf 

to 

ho 

e> 

CM j 

^ bf> 
Q ^ 

o 5 

§ EH 

CM LO 


CP 
cd 
to 
CO 

bt> 

3 

CP 

O 

LO 

CN 

s s 

^ bo 

— : o 

I i 

o cd 

S e 

CO 


bo 

CO 
OO 
KO 

<£ 

bD 

CO 
CP 

S3 

a? 

bo 
ca 

tA 

S 3 ' 

^ bo 

« ^ 




o 
o 

s 


O 

C3 
C0 
~H 


o 
o 

CD 
i— 1 


<=> 
CO 


O 

o 

CO 


o 
o 

CD 
i— i 


O 

o 

CO 
1— t 


o 
o 

CO 


O 

o 

CD 
rH 




T— ! 

rH 

i—4 


CSJ 
r-» 
i— i 


co 


rH 


to 

ri 


CD 
t— 4 


c- 

r-» 

t— i 


OQ 
rH 

T— 1 


a> 
r- i 

t— i 



15 



PAGE 45/86 ' RCVD AT 12114/2005 4:50:49 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-6/27 * DNIS:2738300 * CSID:612 331 7401 1 DURATION (mm-ss):22-56 



12/14/2005 13:04 FAX 612 331 7401 



IPLM GROUP , P. A. 



12)046 



EP 1 209 191 A2 



Table 1.2- 
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ProoertiBfi of Two-Phase Polymor Particles Prepared by Two StE 


l'ge Polyrnoriz 


atl&n 


5 


Example 


% Sonde 


Particle =>ize inmj 


pn 


Tafh t°G) 
1 y w v v / 


Tg(ll) (*C) 


~Wt, Ratio Hard/Soft 




1.1 


36.4 


S3 


9 3 


1 00 


6 


1:1 




1.2 


35.3 


Or 


9.1 


• 1 00 


6 


2:1 




1.3 I 


35.5 


DO 


ft R 


1 00 


7 


2:1 


10 


1.4 


35.9 


33 


9.3 


1 00 


4 


2:1 




1.5 


35.8 


so 


8.6 


100 


15 


2:1 1 




1.6 


35.S 


DQ 


8.8 


1 00 


21 


2:1 


T5 


1.7 


35,5 


DO 


9.6 


100 


28 


2:1 


1.8 


35.8 


□ n 


8.8 


.100 


7 


3:1 




1.9 


35.6 


84 


8.8 


100 


7 


4:1 




1.10 


35,7 


86 


3J5 


100 


9 


4:1 


20 


1.11 


36-5 


91 


8.5 


100 


i 7 


o:l 




1.12 


35.5 


90 


8-5 


100 


7 


7:1 




1.13 


36.5 


69 


9-0 


100 


7 


10:1 


3B 


1.14 


35,6 


78 


8.8 


56 


5 


1:2 


1,15 


35. B 


91 


9.0 


59 


5 


1:3 




1.16 


35.4 


86 


8.9 


56 


5 


1:4 




1.17 


35.6 


62 


BB 


I 76 


7 


2:1 


30 


1.1B 


; 35.B 


83 


8.8 


58 


7 


2:1 i 




1.19 


35.6 


74 


6.9 


43 


7 


2:1 



Example 2 - Preparation of Comparative Polymers 
One-Phase Polymer Particles 

[00/0} Comparative one-phase polymer particles were prepared accordlns to ^^/^J^ 
amount D I water was added to -the flask and heated to 80-C under a nitrogen atmosphere. Next, a soap hMmt was 
p^d and add^toth 9 f.ask,fol,owed by the addition of an initiator oolution. '^•^f wr *"^ n ^!*f 
mitMor solution, a monomer emuialon (ME) waa feed Into the flask at a rata of ^tT^^t^XSl 
perature of the reaction mixture at 80-C. After completion of the monomer .moMor Mead the ^rtanta of the f^sfc 
which contained an dispersion, were maintained at 80*C for 1 5 minutes and then allowed to cool to 1 5 C. Next, aqueoua 
ammonia (28%)w aS addadtorai S ethe P Htoe-0 to 10.0.Thecontents of theflaskwereflltared to remove anycoagulum. 

2.1 Polymerization of Comparative One-Phase Polymer Partletes 
[0071] 



Example 


Initial OX Water (g) 


Soap Solution Initiator Solution . 


Monomer Emulsion 


Comparative A 


1800 


11.8 g SLSIn lOg D.I. water. 
6.0 g sodium peraulfate in 
60.0 gD.I. water. 


620 0 g D.I. water, 53.6 g SLS, 330,0 g 
BA, 11 02.1 9 MM A, 15.0 g AA, and 52.9 
gPEM. 
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(continued) 





Example 


.Initial D.I. Water (g) 


Soap Solution Initiator Solution 


Monomer Emulsion 


5 


Comparative B 


1600 


1 0.o g surfactant in 
10.0 D.I. water. 
4.$ q sodium persulfate In 
50.0 g D.I. water. 


400.0 g D.I. water, 40.0 9 surfactant, 
. 384.0 g BA, 761 .7 g MMA, 12.0 g AA. 
and 42 3 9 PEM. 


10 

15 . 


Comparative C 


1600 


1 0.Q g surfactant in 
10.0 D.I- water 
4.8 g sodium persuJ/ate in 
50.0 g D-l- water 


400.0 g D.I. water, 40.0 g surfactant. . 
46B.0 g BA, 677.7. g MMA, l2.0g AA. 
and 42.3 g PEM. 




Comparative D 


1600 


1 D.O g surfactant in 

10.0 D.i. water 

4.8 g sodium persulfate (n 


400.0 g D.I. water, 40.0 g surfactant, . 
564.0 g BA, 581 .7 g MMA, 1 2.0 g AA, 
and 42,3 g PEM. 


SO 






50.0 g D.I. water. 





[0072] Comparative two-phase polymer particles were prepared according to the process of Example 1 . 

Table 2.2 - - 



25 


Two-Staged Polymerization of Comparative Two-Phase Polymer Particles 




Example 


Initial D.I. Water (g) 


Monomer Emulsion (I) 


Monomer Emulsion (II) 


30 


Comparative E 


1600 


42.0 g D.I. water, 5.3 g surfactant, 
1 69.1 9 ST, and 0.9 g .MAA. 


255 g D.I. water. 26.0 g surfactant, 
515.0 gBA, 442.3 g M MA. and 72.7 
g PEM. 




Comparative F 


j 1600 


200.0 g D.I. water, 24.4 g 
surfactant, 272.0 g BA. 524.0 g ST, 
and 4.0 g MAA. 


110 g D.I. water, 10 g surfactant 
200.0 g BA, 1 71 .B g MMA. and 28.2 
g PEM. 


35 


Comparative G 


1600 


200.0 g D.I. water. 24.4 g 
surfactant, 304.0 g BA, 492.0 g ST. 
and 4.0 g MAA. 


110 g D-l- water, 10 g surfactant, 
200.0 g BA, 1 71 .6 g M MA, and 26,2 
g PEM, 


40 


Comparative H 


1B00 


200.0 g D.I. water. 24.4 g 
surfactant, 336.0 g BA, 450.0 g ST, 
and 4.0 g MAA, 


110 g D.I- water, 10 g surfactant, 
200.0 g B A. 1 71 . B g M M A. and 28.2 
g PEM. 



[0073] Comparative E Is a two-phase polymer particle with a 1 :6 weight ratio of hard polymer phase to soft polymer 
phase. 

43 [0074] Comparatives F-H are two-phase polymer particles with a 1:2 weight ratio of two polymer phases in which 
both polymer phases have Tg'e below 40°C . 



Table 1.1 - 



Properties of Comparative Polymers 


Comparative 


TgrO) 


Particle Diameter (nm) 


pH 


Wt. Ratio of 1 s * Polymer Phase/ 2 nd 
Polymer Phase 


% Solids 


A 


55 - 


73 


S.1 




37.2 


j B 


35 


82 


8.2 




34.8 


C 


23 


60 


.8,7 




34.6 


D 


10 


79 


B.a 




34.9 
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Properties of Comparative Polymers 




Comparative 


Tg (°C) 


Panicle Diameter (nm) 


PH 


Wt. Ratio of 1=* Polymer Phase/ 2 nd 
Polymer Phaso 


% Solids 


E 


100/7' 


89. 


B.5 


1.6 


35.2 


F 


28/7* 


71 


9.6 


1:2 


36.1 


G 


22/7* 


72 


9.2 


1:2 


3S.1 


H 


15/7* 


72 


9.2 


1:2 


36.0 



"Tg of hard polymer phaflo/Tg of wait polym cr phtea- 
Preparation of Coating Formulations 

[0075] A coating formulation was prepared according to the following procedure: 
A titanium dioxide pigment slurry was prepared by mixing: 



Water 


44.-779 


Colloid 1 ** 643 defoamer 


3.65 g 


Tamol™ 731 A dlsparsant (25% solids) 


7.40 q 


Tl-Pure™ R-708 titanium dloxlda 


201.94 g 


Aqueous ammonia (26%) 


1.82Q t 



Colloid is a trademark of Rhone-Poulenc Corp. Tamo! 731 Is a sodium salt of polymeric earboxylic add, a polycarbox- 
ylate dlspersant. Tamol Is a trademark of Rohm and Haas Company. Tl-Pure Is a trademark of Du Pont de Nemours 
Co Ti-Pure R-708 Is a coatings grade of rutlla titanium dloxlda. These 'components Were milled on a high speed disk 
disperse to form a titanium dioxide pigment slurry. The dispersion containing composite particles was prepared by 
mixing the titanium dioxide pigment slurry Into a dispersion containing the twc-phaee polymer particles and dilution 
water The dispersion was allowed to sit for 24 hours prior to the formulation ot the coating formulation. 
[0076] The coating formulation was prepared by admixing the ingredients listed in Table 3. 1 to the dispersion con- 
talnlng the composite particles. The latex adsorber in Table 3.1 represents a dispersion containing the two-phase 
polymer particles, or alternatively, a dispersion containing comparative adsorbing particles for the comparative coating 
formulations. A control coating formulation, PC-O. was also prepared which did not contain composite particles. The 
control coating formulation was formulated by admixing the ingredients listed in Table 3.1 with the titanium dioxide 
pigment slurry. The coadng formulations were allowed to sit for 24 hours prior to application. The composite prepared 
with comparative two-phase polymer particles. Comparative E. was not stable as evidenced by the formation of a solJd 
gel This prevented the formulation ofthe coating formulation, POE. IncFuding the composite containing Co mp arative 



so 



S3 
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Example 4 - Applications Results 

[00771 Coatings containing the composite particles of this Invention were compared to comparative coatings con- 
taining composite particles. The control coating for the delta tint strength and the scrub ratio determinations was a 
coating which did not contain composite particles. iW ™ on n 

r007B] As croups of coating formulations were evaluated on different days, the control coating formulation. POO 
which was the comparative basis for the delta tint strength and scrub ratio tests, was remeasured for each group of 
coating formulations reported In a table. 



Table 4. 1- 


Comparlson between Coatings Containing Composites including Two Phase Polymer Particles and One-Phase 


Polymer Particles 














Coating 
Formulation 


Polymer 
Type 


Hard Tg 
I (*C) 


Soft Tg 
( 6 C) 


Wt. Ratio 
Hard:Soft 


Composite 
Stability 


Delta Tint 
Strength 


Scrub Ratio 


Example 3.1 


2 phase 


100 


6 


1:1 


stable 


1.8 


1.11 


PC-A 


1 phase 


55 


n.a. 


n.a. 


stable 


1.8 


0.94 



30 



The results In Table 4 1 show that composite particles Including me two-phase polymer particle of Example 3.1 end 
the single-phase polymer particle of comparative PC-A formed Stable aqueous dispersions and had improved light 
scattering, ability as indicated by delta tinted strength compared to the control coating formulation, PC-O, whjch did I not 
contain composite particles. Further, the coating containing composite particles of this invention, Example 3.1, which 
Included two-phase polymer particles, had Improved scrub resistance compared to the control coating which did not 
contain composite particles. In contrast, the coating containing composite particles which included single-phase pol- 
ymer particles had decreased scrub resistance compared to the control coating which did not contain composite par- 
ticles. 



Table 4.2- 



Comparison between Coalings Containing Composites including Two Phase Polymer Particles and ( 
Polymer Particles . 


Dne-Phase 


Coating 
Formulation 


Polymer 
Type 


HardTg 
(°C) 


SoftTg 


WL Ratio 
Hard;Soft 


Composite 
Stability 


Delta Tint 
Strength 


Scrub Ratio 


Example 
3.10 


2 phase 


100 


7 


3:1 


• stable 


1.0 


1.16 


PC-D 


1 phase 


n.a 


10 


n.a. 


unstable 


1.3 


1.13 


PC-C 


1 phase 


n.a. 


23 


n.a. 


unstable 


1.2 


1.00 


PC-B 


1 phase 


n.a. 


35 


n.a. 


stable 


1.2 


0.94 


PC-A 


1 phase 


55 


n.a- 


n.a. 


stable 


1.3 


0.94 



The results in Table 4.2 show? that the coating containing composite particles of this Invention. Example 3.10, which 
included two-phase polymer partidea, provided a combination of forming a stable aqueous dispersion of composite 
particles and providing a coating with scrub resistance. In comparison, the comparative coatings PC-A and PC-B. 
which contained composite particles Including single phase polymer particles, had decreased scrub resistance com- 
pared to the control coating which did not contain composite particles. Further, the comparative titanium dioxide particle 
dispersions used to prepare comparative coatings PC-C and PC-D were not stable. 

[0079] Coatings containing composite particles were prepared in which the weight ratio of the two-phase polymer 
particles to titanium dioxide particles was varied between 12 to 20 parts of the two -phase polymer particles to 100 
parts titanium dioxide. 
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Table 4.3 



Effect of Weight Ratio of Two-Phase Polymer Particles to Titanium Dioxide Particles t 


>n Scrub Ratio 


Coating Formulation 


Wt Ratio of Two-phase PolymerfTiO;, 


Polymer Type 


Scrub Ratio 


Example 3.1 


12/100 


2 phase 


1.10 


Example 3.2 


16/100 


2phase 


1.10 


Example 3.3 


20/100 


2 phase 


1.12 



The results 111 Table 4.3 showed that coatings containing composites which Included 12 to 20 parts two-phase polymer 
particles to 1 00 parts titanium dioxide had better scrub ratio resistance than the control coating which did not contain 
composttg particles. Further, the scrub ratio remained nearly constant In this range of two-phase polymer particles to 

titanium dioxide. . „ 

[00801 Coating formulation were evaluated containing composite particles which Included two-phase polymer parti- 
cles with several different glass transition temperatures for the soft polymer phase and a hard polymer phase Tg of 
1 GO°C. The weight ratio of the hard phase to the soft phase was 2:1 . 



Table 4.4 - 



Effect of Soft Tg of Two Phase Polymer on Stability, Delta Tint Strength, and Scru 


b Ratio 


Coating Formulation 


SoftTg^C) 


Composite Stability 


Delta Tint Strength 


Scrub Ratio 


Example 3.9 


26 


stable 


19 


1.12 


'Example 3.8 


21 


stable 


2.1 


1-17 


Example 3*7 


15 


stable 


2.1 


1.31 


Example 3.5 


7 


stable 


2.2 


1.2B 



The results in Table 4.4show that composes of Examples 3.5. 3.7, 3B, and 3.9 provided stable aqueous dispersions 
and. provided coating with better scrub resistance than the control coating which did not contain composite particles. 
The tint strength arid the scrub ratio Increased as the Tgof the soft polymer phase decreased from 28*C to 7°C. 
[0081] Coating formulations were evaluated containing composite particles which Included two-phase polymer par- 
tides with several different glass transition temperatures for the hard polymer phase and e soft polymer phase Tg of 
7 a C. The weight ratio of the hard phase to the soft phase was 2:1 . For the comparative two-phase polymer particles, 
the weight ratio of the polymer phase with the higher Tg to the polymer phase with the lower Tg was 2:1 . 



Table 4.5- 



Effect of Hard Tg of Two Phase Polymer on Stability. Delta Tint Strength, and Scrub Ratio 



Coating Formulation 


Hard Tg (*C) 


Composite Stability 


Delta Tint Strength 


Scrub Ratio 


Example 3.5 


100 


stable 


15 


1.10 


j Example 3.19 


76 


stable 


1.5 


1,13 


Example 3-20 


56 


stable 


1.7 


1.09 


Example 3.21 


43 


stable 


1.4 


1.09 


PC-F 


28 


unstable 


1.4 


1.21 


PC-Q 


22 


unstable 


1.3 


1.13 


. PC-H 


15 


unstable 


1.4 


1.25 



The results in Tablets showed that composites of Examples 3.5. 3.19. 3.20, and 3.21 provided stable aqueous dis- 
persions and coatings with better suitable scrub resistance than the control coating which did not contain composite 
particles. Incontrast. the. comparative composites containing two-phase polymer particles in which both polymer phase 
had glass transition values below 40°C did "not provide stable aqueous dispersions. 

[0082] Coating formulations were evaluated containing composite particles which Included two-phase polymer par- 
ticles with several different weight ratios of the hard polymer phase to the soft polymer phasB. The Tg of the hard 
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polymer phaae was 1 00* C and the Tg of the soft polymer phase was 7°C. 



Pffpot of the Railo of the Hard Polymer Phase to fre Soft Polymer Phase on th 


e Coating Properties 




Coaling Formulation 


Hard Phase:Soft Phase 
Ratio 


Composite Stability 


Delta Tint Strength 


Scrub Ratio 


Example 3.15 


10:1 


stable 


1.3 


V21 


^~ Example 3-14 


7:1 


stable 


1.4 


1.21 


Example 3.13 


5:1 


stable 


1.5 


1.19 


Example 3.10 


3:1 


stable 


2.0 


1.2B 


Example 3.5 


2:1 


stable 


2,2 


1.20 


Composite Including 
Gom-E 


1:6 


unstable 


n.a. 


n.a. 



to 



The result* In Table 4.6 showed that the composite particles of Example* 3.15. 3 14. a 18. and 3 M ' Prov.ded Stable 
aqueous dispersions and provided coating with better suitable scrub resistance than the control coating. PC-0. TTie 
comparative composite particles which Included Comparative E. a two-phase polymer particle w.th a ratio of hard 
polymer phase to soft polymer phase outside the range of this invention, did not form a stable aqueous dispersion. 
rootOl Coating formulations were evaluated containing composite particles which included tw^hase polymer par- 
ticles with weight ratios of Che hard polymer phase to the soft polymer phase In the range of 2:1 to 1:4. The Tg of the 
soft polymer phase was approximately 6*C. 



Table 4.7- 





Effect of the Ratio of the Hard Polymer Phase to the Soft Polymer Phase on the Coat 


Ing Properties 




3D 


Coating 
Formulation 


Polymer 
Type 


HardTg 
('C) 


SoftTg 


WL Ratio 
Hard-Soft 


Composite 
Stability 


Delta Tint 
Strength 


Scrub Ratio 




Example 3.5 


2 phase 


100 


7 


2:1 


stable 


1.6 


1.53 




Example * 

3.16 


2 phase 


56 


5 ! 


1:2 


stable 


1.8 


1.38 


35 


Example 
3.17 


2 phase 


59 


5 


1:3 


stable 


1.8 


1.42 




Example 
3.16 


2 phase 


56 


5 


1:4 


stable 


1.9 


1.38 


40 


PC-A 


1 phase 


55 


n.a. 


n.a. 


stable 


1.6 


1.13 



In the results in Table 4.7. the control coating, which did not contain composite particles, had lower scrub resistance 
than other sample* of the control coating. Consequently, the calculated values for the scrub ratio ere skewed h.g her. 
The results in Table 4.7 show that the composite particles with ratios ol hard polymer phase to soft polymer phase in 
the range of 2:1 to 1 :4 provided stable aqueous dispersions. Further these composite particles provided coat.ngs with 
improved scrub resistance compared to a coating containing composite particles including one-phase polymer parti- 
cles. The coatings containing composite particles had Increased light scattering compared to the control coating, as 
indicated by the dslta tint strength values. 

[0084] Coating formulations were evaluated containing composite particles having two-phase polymer parties 
which included several levels of phosphorus-functional monomer as a polymerized group and a coaung formulation 
containing composite particles having two-phase polymerpartlc.es wh ich include acid macromonomeras a polymerized 
group. 
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Table 4.8 



so 



30 



Effect of/Type and Level of Chemical Group to Provide Adsorption tP Titanium Dioxide 



Coating 
Formulation 


Polymer 
Type 


HardT£ 
CC) 


SoftTg 
(°C) 


Wt. Ratio 
Hard;Soft 


Add 
Group 


Composite 
Stability 


Delta Tint 
Strength 


Scrub 
Ratio 


Example 3.5 


2 phase 


100 


7 


2:1 


2% PEM 


stable 


1.0 


1.06 


Example 3.4 


2 phase 


100 


. 6 


2:1 


1%PEM 


stable 


0.3 


1.11 


. Example 3.6 


2 phase 


100 


4 

! 


2:1 


1,5% 
o-AA 


stable 


0.4 


1.05 


PC-A 


1 phase 


55 


' n.a. 


n.a. 


3% PEM 


stable 


0.4 


0.92 



The results in Table 4.B enow that the composite particles which Include two-phase polymer parities Including PEM 
an d 0 _AA as a polymerized group, as exemplified by Examples 3.4-3.6. provided a combination of stable aqueous 
dispersions, coatings with Increased light scattering compared ro the eontrol coating which did not contain composite 
particles, and Improved scrub resistance compared to a coating containing composite particles including one-phase 
polymer particles, as exemplified by PC-A. 



Table 4.9 - 



Effect of Phosphorus-Functional Monomer Level 




Coating 
Formulation 


Polymer 


HardTg 
(«0 


SoftTg 
(°C) 


wt. Ratio 
HardrSoft 


Acid 
Group 


Composite 
stability 


Delta Tint 
Strength 


Scrub 
Ratio 


Example 3.4 


2 phase 


100 


6 


2:1 


1%PEM 


stable 


1.3 


1.17 


Example 
3.11 


2 phase 


100 


7 


4:1 


1.2% 
PEM 


stable 


1.4 


1.20 


Example 
3.12 


2 phase 


100 


9 


4:1 


2% PEM 


stable 


1-6 


1.15 


PC-A 


1 phase ■ 


55 


n.a. 


n.a. 


3% PEM 


stable 


1.6 


0.93 



40 



42 



55 



The results In Table 4.9 show that the composite particles which contain two-phase polymer partlcJes Including 1 to 2 
weight % PEM as a polymerized unit, provided stable aqueoua dispersions of composite particles, and provided coat- 
ings with Increased light scattering compared to a central coating which did hot contain composite partictes and Im- 
proved scrub resistance compared to a coating containing composite particles including one-phase polymer particles, 
as exemplified by PC-A. 

Claims 

1 . A composition comprising at least one composite particle; 
wherein said composite particle comprises: 

a) a titanium dioxide particle; and 

b) two-phase polymer panicles adsorbed on the surface of said titanium dioxide particle; 

wherein said composite particle is formed in an aqueous mixture consisting essentially of at least one said titanium 
dioxide particle, a multiplicity of said two-phase polymer particles, and optionally, dispersant, and the weight ratio 
of said multiplicity of said two-phase polymer particles to at least one said Uranium dioxide particle in said aqueous 
mixture Is In the range of 1 -20 to 1:2; 

wherein each of said two-phase polymer particles comprises: 

i) a soft polymer phase with a glass transition temperature less than or equal to 40°C ( and 
ll) a hard polymer phase with a glass transition temperature greater than 40*C; . 
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wherein the difference between the glass transition temperature of said hard polymer phase and said soft 
polymer phase Is at least 10 9 C; 

wherein the average weight ratio of said hard polymer phase to said soft polymer phase » In the range of 

10:1 to 1:5; and 
5 wherein 

A) each of said two-phase polymer particles includes at least one element selected from the group conslstln g of: 

at least one phosphorus functional monomer as a polymerized group, 
10 al | eae t 5 weight % of at least one carboxylic acfd monomer as a polymerized group, based on weight or 

said two-phase potymer particles, 

at least one acid macromonomer as a polymerized group, and 
a watersoluble polymer chemk^lly bonded to saW ^ 

polymer has a molecular weight of at least 1500 prior to bonding to said two-phase polymer particles and 
1$ contains at least one moiety adsorbabl© to said titanium dioxide particle; or 

B) sard two-phase polymer particles and said titanium dioxide particle have opposite charges. 

2_ The composition according to Claim 1 wherein said two-phase polymer particles comprise as polymerized units. 
SO at least one phosphorus functional monomer. 

3 The composition according to Claim 1 wherein said two-phase polymer particles comprise as polymerized units, 
at feast 5 % weight of at least one carboxylic acid monomer, based on weight of said two-phase potymer particles. 

25 4. The composition according to Claim 1 wherein said two-phase polymer particles are prepared by an aquaous 
emulsion polymerization process Including at least two polymerization stages. 

5, The composition according to Claim 1 wherein said two-phase polymer particles have an average diameter in the 
range of -30 to 200 nm. 



30 



6. A process for preparing a stable aqueous dispersion of composite particles comprising the steps of: 



a) dispersing titanium dioxide particles in a first aqueous medium; 

b) preparing a dispersion orsuspension of two-phase polymer particles in a second aqueous medium, wherein 
35 said two-phase polymer particles comprise: 

l) a soft polymer phase with a glass transition temperature less than or equal to 40°C, and 
. ii) a hard polymer phase with a glass transition temperature greater than 40'C; 

40 wherein the difference between the glass transition temperature of said hard polymer phase and said soft 

polymer phase is at least 10°C; 

wherein the average weight ratio of said hard polymer phase to said soft polymer phase is in the range of 1 o; 

1 to 1:5; and 

wherein 

A) Qa ch of said two-phase polymer particles Includes at least one element selected rrom the group con- 
sisting of: 

at least one phosphorus functional monomer as a polymerized group, 
90 at teest 5 weight % of at least one carboxylic acid monomer as a polymerized group, based on Weight 

of said two-phase polymer particles, 

at least one acid macromonomer as a polymerized group, and 

a water soluble polymer chemically bonded to said two-phase polymer particles wherein said water 
soluble polymer has a molecular weight of at least 1500 prior to bonding to eald two-phase polymer 
5S particles and contains at least one moiety adsorbabte to said titanium dioxide particle; or 

B) said two-phase polymer particles and said titanium dioxide particle have opposite charges; 
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c) preparing a mixtu^ insisting ^entially of .aid first aqueous medium, saidsecond 

optionally, dispersed, wherein the average weight ratio of said two-phase polymer particles to said titanium 

dioxide particles is in the range of 1 :Z0 to 1 :2; and 

el) permuting adsorption of said two-phase porymer particles to said titanium dioxide particles to form said 
5 stable aqueous dispersion of composite particles, 

7. The process according to Claim 6 wherein said two-phase polymer particles comprise as polymerized units, at 
least one phosphorus functional monomer. 

10 8 The process according to Claim 6 wherein said two-phase polymer particles comprise as polymerized units, at 
least S ™ height of at least one carboxylic add monomer, based on weight of said two-phase polymer particles. 

9. The process according to Claim 6 wherein said two-phase polymer particles are prepared by an aqueous emulsion 
polymerization process including at least two polymerization stages, • 

m The process according to Claim e wherein said two-phase polymer particles have an average diameter in the 
range of SO to 200 nm. 

20 
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